MINOS DETECTOR STEEL MAGNETIC MEASUREMENTS
Some characteristics of the magnetic properties of iron or steel can be determined by measuring the fields induced in a sense coil by step current changes in a magnetizing coil. In the MINOS detector, a variety of sense coils with a judiciously chosen number of turns were installed on the steel detector plate located in NMS (see Figure 2) . The sense coils were readout by the integrator shown schematically in Figure 1 below. and from (b) the output of the voltage integrator is related to the change in the flux density as follows:
Since the product of R and C determines the final accuracy of the integrator, it was measured by applying a precisely known (amplitude and width) pulse to the amplifier input and measuring the output. Based upon this calibration, a value of RC = 4.945 x 10 -2 was determined and will be used throughout the subsequent discussion.
A series of induction measurements were made on a single plane of the MINOS detector steel to evaluate the efficacy of the measurement scheme and to compare the measurements to those determined by FEA. Initially, five coils were installed on the plane; one single turn coil from center to outside and four additional five turn coils placed equally on radius. As a result of the measurements using these coils, it was decided to add several additional coils in an attempt to better understand the field non-uniformity and the apparent effect of the plane support steel on the field shape. Figure 2 shows the final coil arrangement and identification setup. Figure 3 shows the schematic of the setup for the WHT coil.
As was stated above, several simplifying assumptions were made to evaluate the data; among them uniform flux through the steel volume and no air gaps was assumed. Clearly this is not the case for the MINOS detector plate. Furthermore, the non-uniformity of the flux in the MINOS plate makes it difficult to make a precise estimate of H. Consequently, the plots that follow are of B versus I in amperes. In spite of these limitations, the discussion that follows was used to determine the relative measures of the magnetic flux density versus the exciting current and plot the BI curves shown on pages 5 through 9. Based upon the simplifying assumptions and for these values, Table 1 and 2 are the direct results from the measurements for full cycle runs. At the start of each run, the current was run up to a maximum of 150 amperes to fully saturate parts of the steel (100 amperes is the expected maximum operating current). The current was then reduced in steps to zero. The power supply was reversed and the current was run up in steps to a maximum 150 amperes and then run down to zero current. The power supply polarity was once again reversed and the current was increased in steps to 150 amperes (the starting current value and polarity). The step sizes are shown in the Tables and were chosen merely to improve the data plots. The data was then adjusted to minimize the effect of integrator drift and to ensure symmetry. The results are shown on pages 4 through 9.
Several observations can readily be made; the energizing coil placement is not optimal and the steel support structure strongly affects the field lines in the detector steel. Several measurements were taken in an attempt to quantify the effect of the support steel and the IBEAM sense coils show the results of these measurements. It is clear that a significant field exists and to some extent short circuits the flux in the detector plate. 
